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1.0 PURPOSE

The purpose of this document is to certify that the Placement above Sebree “Green” Existing CCR
Surface Impoundment is in compliance with the Placement above the Uppermost Aquifer requirement of
the Final CCR Rule at 40 CFR §257.60. Presented below is the project background, summary of findings,
limitations and certification.

2.0 BACKGROUND

In accordance with 40 CFR §257.60, the owner/operator of an existing CCR Surface Impoundment must
demonstrate that the base of the unit is located no less than 1.52 meters (five feet) above the upper limit
of the uppermost aquifer, or must demonstrate that there will not be an intermittent, recurring, or
sustained hydraulic connection between any portion of the base of the CCR unit and the uppermost
aquifer due to normal fluctuations in groundwater elevations (including the seasonal high water table). In
accordance with 40 CFR §257.60(c)(1), the demonstration must be made by October 17, 2018. If such
demonstration cannot be made, the unit is subject to the closure or retrofit requirements of 40 CFR
§257.101

3.0 SUMMARY OF FINDINGS

Available data regarding site groundwater, site geology, and physical limits of the unit for the
Green Surface Impoundment do not evidence a 5-foot separation between the base of the
impoundment and the uppermost limit of the uppermost aquifer and they do not support a lack
of hydraulic connectivity between the unit and the aquifer as specified in 40 CFR §257.60(a).
Therefore the unit does not meet the Placement above the Uppermost Aquifer requirement of
40 CFR §257.60(a).



4.0 CERTIFICATION

I, Michael Brian Cole, being a Registered Professional Engineer in good standing in the State of
Kentucky, do hereby certify, to the best of my knowledge, information, and belief, that the information
contained in this certification has been prepared in accordance with the accepted practice of engineering.
I certify, for the above-referenced CCR Unit, available data do not support a demonstration of Placement
above the Uppermost Aquifer that meets the requirements of 40 CFR § 257.60(a).

M. Brian Cole
Printed Name

October 17, 2018
Date

ADDRESS: AECOM
500 W Jefferson St Suite 1600
Louisville, KY 40202

TELEPHONE:  (502)-569-2301

ATTACHMENTS: Placement above the Uppermost Aquifer Demonstration for Coal Combustion
Residuals

eric.miller
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1.0 INTRODUCTION

1.1 Objective

The purpose of this demonstration is to document compliance with 40 Code of Federal
Regulations (CFR) §257.60 of the Environmental Protection Agency Final Coal Combustion
Residual Rule (EPA Final CCR Rule) regarding the Placement above the Uppermost Aquifer
Demonstration requirement for the existing “Green” Surface Impoundment at the Big Rivers
Electric Corporation (BREC) Sebree Station in Sebree, Kentucky.

1.2 Rule Requirements

As required by 40 CFR §257.60(a) of the EPA Final CCR Rule, any existing CCR Surface
Impoundments must be constructed with a base that is located no less than 1.52 meters (5 feet)
above the upper limit of the uppermost aquifer, or must demonstrate that there will not be an
intermittent, recurring, or sustained hydraulic connection between any portion of the base of the
CCR unit and the uppermost aquifer due to normal fluctuations in groundwater elevation.  The
“uppermost aquifer” is defined by 40 CFR §257.40 as the geologic formation nearest the natural
ground surface that is an aquifer, as well as lower aquifers that are hydraulically interconnected
with this aquifer within the facility’s property boundary.  This definition includes a shallow, deep,
perched, confined or unconfined aquifer, provided it yields usable water.

The demonstration is due by October 17, 2018 in accordance with 40 CFR §257.60(c)(1). Those
Surface Impoundments that cannot demonstrate compliance with the requirement of 40 CFR
§257.60(a) are required by 40 CFR §257.60(c)(4) to cease placement of CCR in the unit within
6 months (April 2019).

1.3 Methodology/Background

The demonstration method involves the use of existing documentation of pertinent geologic and
hydrogeologic information to develop a conceptual site model (CSM) for the uppermost aquifer
inclusive of the definition of its uppermost limit, normal fluctuations in groundwater elevation,
and the potential for the aquifer’s hydraulic interconnection with overlying strata and the planned
landfill limits. Existing documentation includes state and/or federal geologic maps and water
resources publications, the logs of borings drilled on site for geotechnical purposes, the logs of
monitoring wells installed on site and in surrounding areas, and design drawings for the unit.

1.4 Site Background

Big Rivers Electric Corporation (BREC) owns and operates the “Sebree” Station in Sebree,
Kentucky. The Sebree Station is located in Webster County, approximately 3.2 miles northeast
of the town of Sebree, Kentucky situated immediately east of the Pennyrile Parkway
approximately 1.5 miles north of the intersection of the Pennyrile Parkway and Kentucky Route
56 (see Figure 1).  Sebree Station is composed of 2 Green generating units, one Reid
generating unit, and 2 HMP&L generating units.  The Green Surface Impoundment is located
directly south of the Sebree Station, situated north of the Green CCR Landfill.  The current
Green Surface Impoundment footprint is approximately 16 acres (Figure 2).
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Figure 1: BREC Sebree Site Location

Figure 2: BREC Green Surface Impoundment Site Location
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1.5 Site History

The Green Surface Impoundment is a combined incised/dike earthen embankment structure. It
is diked on the west, south and east sides, while the north side is incised.  The south dike has
the greatest height reaching approximately 20 feet.  The original ground surface within the
Surface Impoundment footprint was irregular and the predominant features were small stream
valleys draining eastward to Green River.  Most of the central portion of the south dike was
constructed on a subdued ridge. The toe of the outboard slope intersected a lower drainage
area. Underlying preconstruction soils consisted of Loring-Grenada, Loring-Zanesville-Wellston
(Henderson County) and Loring-Wellston-Zanesville (Webster County) soil associations that are
generally characterized as well drained to moderately well-drained soils on nearly level to
sloping uplands.

The CCR unit has been in place for 40 plus years and is used for the placement of CCR
material; currently slurried bottom ash.  The immediate watershed that drains to the CCR unit,
and in which the CCR unit is considered to be located, is unnamed and 54.13 acres in size.
The unnamed watershed discharges from the CCR impoundment outflow structure and is
routed to the Green River.

The west dike is generally less than 5-feet in height and the south dike reaches a maximum
height of 19.5 feet.  The east dike reaches a maximum height of approximately 8 feet and is
buttressed with a secondary parallel embankment that serves as a 40-foot wide roadway.  The
Burns and Roe, Inc., Engineering and Consultants June 30, 1978, site grading plans show the
original construction layout and ground contours for the impoundment site.  Bottom ash has
been placed above the normal pool along the inboard side, essentially creating reclaimed land.

The impoundment discharge consists of two corrugated steel pipes, each 30 inches in diameter.
The pipe intakes are through a common concrete headwall collection structure with a variable
height steel debris deflector on each pipe intake.

2.0 GEOLOGY

The site lies in the Western Kentucky Coalfields, a gently rolling upland.  In the vicinity of the
site, maximum topographic relief is on the order of 80 feet.  Surface drainage is to the south to
Groves Creek, a primary tributary to the Green River, and to the east to the Green River.

Published geologic mapping (Murphy, 2007) shows the site to be immediately underlain by
unconsolidated loess representing the Pleistocene and Holocone geologic epoch and
unconsolidated alluvium representing the Pleistocene and Holocene epochs.  The loess
reportedly consists of sandy and clayey silt.  The alluvium reportedly consists of silt and clay
with lesser amounts of sand and gravel.
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The unconsolidated materials are shown to be underlain by the base of the Shelburn Formation
(formerly identified as the Lisman Formation (Fairer, 1973)) and the Carbondale Formation, both
of which represent the Pennsylvanian Geologic Period.  The West Franklin Member consists of
one to three layers of limestone interbedded by calcareous clay shale, and comprises the top of
the Shelburn Formation.  The Providence Limestone Member, consisting of limestone and
interbedded shale, comprises the base of the Shelburn Formation.  The Providence Limestone
Member is reportedly absent in much of the area due to erosional channeling.  Due to its
discontinuous character and the presence of interbedded shale, hydrologically significant karst
features are not present in the Providence Limestone Member.  The underlying Carbondale
Formation consists of cyclic sequences of sandstones, shales, siltstones and coals.  The
Carbondale sediments were deposited in a fluvial-deltaic system.  As a result of this
depositional environment, the lithologic units of the Carbondale tend to be lenticular bodies
rather than continuous sheet-like strata. Gradational and abrupt horizontal changes in lithology
are often encountered.

The structure contours illustrated on the geologic map (Murphy, 2007) are based on the altitude
of the No. 9 coal seam, and show the site to lie on the flank of a gentle anticline.  Stratigraphic
dip is shown to be on the order of 35 feet per mile to the southeast.  No faults or other
significant structural features are depicted on the geologic map.

3.0 HYDROGEOLOGY

The stratigraphic interval considered as the most prominent water transmitting zone within and
adjacent to the Sebree Generating Station is material identified as the Upper Sandstone
Member (Sebree sandstone) of the Carbondale Formation.  The United States Geologic Survey
(USGS) Geologic Map of the Robards Quadrangle describes the Sebree sandstone sequence
as "Siltstone, sandstone, shale and coal: Siltstone, light- to medium-gray, micaceous, thin-
bedded, and locally calcareous. Sandstone, light- to medium-gray, grayish- and yellowish-
brown, fine- to medium-grained slightly micaceous, thin-bedded to massive; locally fills
channels."

For purposes of compliance with the CCR Rule groundwater monitoring requirements; this
sequence, and in particular the member sandstone intervals, is considered to be the uppermost
aquifer underlying the Green CCR Surface Impoundment.

The sandstone units in the upper Carbondale Formation reportedly can provide well yields of
500 gallons per day (gpd) or greater with some reported yields on the order of 30 gallons per
minute [gpm] (Maxwell and Devaul, 1962).  The Providence Limestone Member of the Shelburn
Formation is reported to yield little to no water to wells.  The lower Carbondale Formation,
above and below the No. 9 coal seam, consists primarily of shales that reportedly yield little to
no water to wells. Previous site-specific investigations, by others, have noted the presence of
perched zones of saturation in the overlying unconsolidated materials.
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3.1 Groundwater Monitoring System

Three temporary piezometers (P-10, P-11 and P-12) were installed adjacent to, and
respectively; northwest, southwest and northeast of the Green CCR impoundment to determine
the general direction of groundwater movement.  Measured static water levels, from the highest
to lowest elevation were observed in P-10 (highest), P-11 and P-12 (lowest) resulting in a
calculated hydraulic gradient or apparent direction of groundwater movement is generally from
northwest to southeast.  This groundwater gradient characterization and the ability to locate
monitoring wells specific to the CCR unit justify the placement of the minimum of one upgradient
and three downgradient monitoring wells.  The upgradient monitoring well (M-11) was installed
adjacent to, and northwest of the impoundment.  The downgradient monitoring wells (M-12, M-
13 and M-14) were installed adjacent to, and respectively; south-southeast, southeast and east-
northeast of the impoundment.  All monitoring wells are completed in the stratigraphic interval
described above.  Approximate locations of the groundwater monitoring wells are shown on the
Groundwater Monitoring Well Location Aerial Photo (Attachment B).  Boring logs and well
construction diagrams are presented as Attachment C.

3.2 Groundwater Flow

Water level data were collected from the unit during the nine baseline CCR monitoring events
from March 2016 through October 2017as summarized on Table 1 of Attachment A.

These data and the piezometric surface map presented below (Figure 3) represent general
conditions at the Surface Impoundment and support the following analysis.

Overall groundwater flow beneath the footprint of the Green Surface Impoundment is to the
east/southeast towards the Green River located east of the impoundment.  The hydraulic
gradients calculated from seasonal high, mid-point, and low events during the baseline period
ranged from 0.0159 to 0.0283 towards the east/southeast as presented in Table 2 of
Attachment A.
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Figure 3: Green Surface Impoundment - Piezometric Surface Map
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4.0 UPPERMOST AQUIFER

The “uppermost aquifer” is defined by 40 CFR §257.40 as the geologic formation nearest the
natural ground surface that is an aquifer, as well as lower aquifers that are hydraulically
interconnected with this aquifer within the facility’s property boundary.  This definition includes a
shallow, deep, perched, confined or unconfined aquifer, provided it yields usable water.

4.1 Aquifer Characteristics

Site-specific data pertaining to the aquifer characteristics beneath the Green Surface
Impoundment were obtained prior to initiation of this CCR Program.

Available information pertaining to the sandstone units in the upper Carbondale Formation,
identified as the uppermost aquifer beneath the Surface Impoundment, generally provide well
yields of 500 gpd or greater with some reported yields on the order of 30 gpm (Maxwell and
Devaul, 1962).  The Providence Limestone Member of the Shelburn Formation is reported to
yield little to no water to wells.  The lower Carbondale Formation, above and below the No. 9
coal seam, consists primarily of shales that reportedly yield little to no water to wells. Previous
site-specific investigations, by others, have noted the presence of perched zones of saturation
in the overlying unconsolidated materials.

4.2 Placement Above the Uppermost Aquifer

Based on the available boring logs from the monitoring well system, the top of the upper
Carbondale Formation (uppermost aquifer) is at an approximately elevation of 363 feet to the
northwest (at MW-11), at 348 feet to the northeast (at MW-14), at 351 feet to the east (at MW-
13), and not encountered to the southwest (at MW-12) of the Surface Impoundment.  Illustrated
well boring cross-sections are presented as Attachment B.  Based on the interpreted top of the
upper Carbondale Formation (uppermost aquifer), the base of the Surface Impoundment (360
feet) rests on or intercepts the uppermost aquifer within the northern most reaches of the
Surface Impoundment and does not meet the 5-foot separation of the uppermost aquifer.

Groundwater data provided by BREC via baseline data collection from monitoring wells between
March 2016 and October 2017 were used to interpret the elevations of the uppermost aquifer
within the area of the Surface Impoundment.  Seasonal measurements (April, June, August,
October 2016, and January 2017) are presented within the Groundwater Elevation Summary
located as Attachment B.  Based on the cross sections presented in Attachment B, the
potentiometric surface is approximately 5 feet (at MW-12) and 32 feet (at MW-11) above the
lowest base of the Surface Impoundment (360 feet) and hydraulic connectivity cannot be
disproven.
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5.0 CONCLUSIONS

Available data regarding site groundwater, site geology, and physical limits of the unit for the
Green Surface Impoundment do not evidence a 5-foot separation between the base of the
impoundment and the uppermost limit of the uppermost aquifer and they do not support a lack
of hydraulic connectivity between the unit and the aquifer as specified in 40 CFR §257.60(a).
Therefore the unit does not meet the Placement above the Uppermost Aquifer requirement of
40 CFR §257.60(a).
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Attachment A

Tables 1 and 2



Reference Elevation
TOIC*(ft, NAD27)

Depth to GW Depth to GW Depth to GW Depth to GW
Water (ft) Elevation Water (ft) Elevation Water (ft) Elevation Water (ft) Elevation

Date Measured (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)

4/1/2016 8.20 393.12 32.51 363.03 18.86 375.74 22.13 368.58

6/2/2016 8.32 393.00 29.62 365.92 18.83 375.77 23.01 367.7

8/16/2016 8.45 392.87 27.79 367.75 20.60 374 25.55 365.16

10/25/2016 9.06 392.26 29.57 365.97 20.30 374.3 26.52 364.19

1/26/2017 9.65 391.67
1/27/2017 27.96 367.58 18.54 376.06 19.35 371.36

5/1/2017 10.12 391.20 26.93 368.61 19.23 375.37 24.01 366.7

8/11/2017 9.95 391.37 27.51 368.03 20.73 373.87 26.53 364.18

9/20/2017 9.97 391.35 32.20 363.34 20.68 373.92 26.03 364.68

10/9/2017 9.33 391.99 39.04 356.50 20.66 373.94 26.26 364.45

*Reference elevation of monitoring wells surveyed by Associated Engineers, Inc., Madisonville, Kentucky, January 2015
Survey coordinates were based on the Kentucky State Plane, Kentucky Southern Zone, NAD27 datum
TOIC = Top of internal casing
GW = Groundwater;    GS = Ground Surface;   NM = Not measured

401.32 395.54 394.60 390.71
Upgradient/Background Downgradient DowngradientDowngradient

TABLE  1

MONITORING WELL NETWORK GROUNDWATER ELEVATIONS - APRIL 2016 - OCTOBER 2017

GREEN STATION SURFACE IMPOUNDMENT
BIG RIVERS ELECTRIC CORPORATION - SEBREE STATION

WEBSTER COUNTY, KENTUCKY

GROUNDWATER MONITORING WELL NETWORK
MW-11 MW-12 MW-13 MW-14

 60560583.04 10/5/2018



Change in Horizontal Hydraulic
Head Distance* Gradient

MW-11 MW-12 (feet) (feet)
Apr 2016 393.12 363.03 30.09 1358 0.0222
Oct 2016 392.26 365.97 26.29 1358 0.0194
May 2017 391.20 368.61 22.59 1358 0.0166

Change in Horizontal Hydraulic
Head Distance* Gradient

MW-11 MW-13 (feet) (feet)
Apr 2016 393.12 375.74 17.38 996 0.0174
Oct 2016 392.26 374.30 17.96 996 0.0180
May 2017 391.20 375.37 15.83 996 0.0159

Change in Horizontal Hydraulic
Head Distance* Gradient

MW-11 MW-14 (feet) (feet)
Apr 2016 393.12 368.58 24.54 956 0.0257
Oct 2016 392.26 365.16 27.10 956 0.0283
May 2017 391.20 366.7 24.50 956 0.0256

*Reference elevation of monitoring wells surveyed by Associated Engineers, Inc.,
Madisonville, Kentucky, January 2015

Survey coordinates were based on the Kentucky State Plane, Kentucky Southern Zone, NAD27 datum

*Horizontal distance between monitoring wells, parallel to the direction of groundwater flow
(as determined by measurements utilizing Kentucky GIS )

WEBSTER COUNTY, KENTUCKY

Well ID / GW Elevation (ft, NAD27)

Well ID / GW Elevation (ft, NAD27)

Well ID / GW Elevation (ft, NAD27)

TABLE 2

HYDRAULIC GRADIENT
GROUNDWATER MONITORING SYSTEM

GREEN STATION SURFACE IMPOUNDMENT
BIG RIVERS ELECTRIC CORPORATION - SEBREE STATION

 60560583.04 10/5/2018
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Groundwater Elevation Summary
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Boring Logs and Well Construction Diagrams
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Engineer’s Certification of Placement Above the Uppermost Aquifer Demonstration
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EPA Final CCR Rule
Sebree Station
Robards, Kentucky

1.0 PURPOSE

The purpose of this document is to certify that the Placement above Sebree “Reid/HMPL” Existing CCR
Surface Impoundment is in compliance with the Placement above the Uppermost Aquifer requirement of
the Final CCR Rule at 40 CFR §257.60. Presented below is the project background, summary of findings,
limitations and certification.

2.0 BACKGROUND

In accordance with 40 CFR §257.60, the owner/operator of an existing CCR Surface Impoundment must
demonstrate that the base of the unit is located no less than 1.52 meters (five feet) above the upper limit
of the uppermost aquifer, or must demonstrate that there will not be an intermittent, recurring, or
sustained hydraulic connection between any portion of the base of the CCR unit and the uppermost
aquifer due to normal fluctuations in groundwater elevations (including the seasonal high water table). In
accordance with 40 CFR §257.60(c)(1), the demonstration must be made by October 17, 2018. If such
demonstration cannot be made, the unit is subject to the closure or retrofit requirements of 40 CFR
§257.101

3.0 SUMMARY OF FINDINGS

Available data regarding site groundwater, site geology, and physical limits of the unit for the Reid/HMPL
Surface Impoundment do not evidence a 5-foot separation between the base of the impoundment and the
upper most limit of the uppermost aquifer and they do not support a lack of hydraulic connectivity
between the unit and the aquifer as specified in 40 CFR §257.60(a). Therefore the unit does not meet the
Placement above the Uppermost Aquifer requirement of 40 CFR §257.60(a).



4.0 CERTIFICATION

I, Michael Brian Cole, being a Registered Professional Engineer in good standing in the State of
Kentucky, do hereby certify, to the best of my knowledge, information, and belief that the information
contained in this certification has been prepared in accordance with the accepted practice of engineering.
I certify, for the above-referenced CCR Unit, that the available data do not support a demonstration of
Placement above the Uppermost Aquifer that meets the requirements of 40 CFR § 257.60(a).

M. Brian Cole
Printed Name

October 17, 2018
Date

ADDRESS: AECOM
500 W Jefferson St Suite 1600
Louisville, KY 40202

TELEPHONE:  (502)-569-2301

ATTACHMENTS: Placement above the Uppermost Aquifer Demonstration for Coal Combustion
Residuals

eric.miller
Stamp
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1.0 INTRODUCTION
1.1 Objective

The purpose of this demonstration is to document compliance with 40 Code of Federal
Regulations (CFR §257.60 of the Environmental Protection Agency Final Coal Combustion
Residual Rule (EPA Final CCR Rule)regarding the Placement above the Uppermost Aquifer
Demonstration requirement for the existing “Reid/HMPL” Surface Impoundment at the Big
Rivers Electric Corporation (BREC) Sebree Station in Sebree, Kentucky.

1.2 Rule Requirements

As required by 40 CFR §257.60(a) of the EPA Final CCR Rule, existing CCR Surface
Impoundments must be constructed with a base that is located no less than 1.52 meters (5 feet)
above the upper limit of the uppermost aquifer, or must demonstrate that there will not be an
intermittent, recurring, or sustained hydraulic connection between any portion of the base of the
CCR unit and the uppermost aquifer due to normal fluctuations in groundwater elevation.  The
“uppermost aquifer” is defined by 40 CFR §257.40 as the geologic formation nearest the natural
ground surface that is an aquifer, as well as lower aquifers that are hydraulically interconnected
with this aquifer within the facility’s property boundary.  This definition includes a shallow, deep,
perched, confined or unconfined aquifer, provided it yields usable water.

The demonstration is due by October 17, 2018 in accordance with 40 CFR §257.60(c)(1). Those
Surface Impoundments that cannot demonstrate compliance with the requirement of 40 CFR
§257.60(a) are required by 40 CFR §257.60(c)(4) to cease placement of CCR in the unit within
6 months (April 2019).

1.3 Methodology/Background

The demonstration method involves the use of existing documentation of pertinent geologic and
hydrogeologic information to develop a conceptual site model (CSM) for the uppermost aquifer
inclusive of the definition of its uppermost limit, normal fluctuations in groundwater elevation,
and the potential for the aquifer’s hydraulic interconnection with overlying strata and the planned
landfill limits. Existing documentation includes state and/or federal geologic maps and water
resources publications, the logs of borings drilled on site for geotechnical purposes, the logs of
monitoring wells installed on site and in surrounding areas, and design drawings for the unit.

1.4 Site Background

Big Rivers Electric Corporation (BREC) owns and operates the “Sebree” Station in Sebree,
Kentucky. The Sebree Station is located in Webster County, approximately 3.2 miles northeast
of the town of Sebree, Kentucky situated immediately east of the Pennyrile Parkway
approximately 1.5 miles north of the intersection of the Pennyrile Parkway and Kentucky Route
56 (see Figure 1).  Sebree Station is composed of 2 Green generating units, one Reid
generating unit, and 2 HMP&L generating units.  The Green Surface Impoundment is located
directly south of the Sebree Station, situated north of the Green CCR Landfill.  The current
Green Surface Impoundment footprint is approximately 16 acres (Figure 2).
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Figure 1: BREC Sebree Site Location

Figure 2: BREC Reid/HMPL Surface Impoundment Site Location
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1.5 Site History

The Reid/HMPL Surface Impoundment is a combined incised/dike earthen embankment
structure.  It is diked on the west, south and east sides, while the north side is incised.  The west
dike has the greatest height reaching approximately 42 feet.  The original terrain on which the
Surface Impoundment was constructed generally sloped toward the west.  Although the Green
River is located less than 0.5 miles from the site, the structure does not extend significantly into
the floodplain.  Underlying preconstruction soils consisted of Loring-Grenada, Loring-Zanesville-
Wellston (Henderson County) and Loring-Wellston-Zanesville (Webster County) soil
associations are generally characterized as well drained to moderately well drained soils on
nearly level to sloping uplands.

The CCR unit has been in place for 40 plus years and is used for the placement of CCR
material; currently slurried bottom ash.  The immediate watershed that drains to the CCR unit,
and in which the CCR unit is considered to be located, is unnamed and 25.45 acres in size.
The unnamed watershed discharges from the CCR impoundment outflow structure and is
routed to the Green River.

The embankment reaches its greatest relief of approximately 42 feet on the west side.  The
Burns & McDonnell Engineering Co., October 8, 1971 design drawings show the inboard slope
and central core portion of the dike to be constructed of compacted soil fill and the outboard
slope to be consisted of sand fill.  A sand blanket drain was designed for the outboard third of
the base of the dike for the majority of the length and the plans show a crushed limestone
drainage layer with a minimum thickness of 18 inches topped with a minimum 6-inches thick
sand layer that extends across the entire width of the dike cross section in the southwest corner.
The plans also show a cut-off trench in the original ground below dike crest and extending for
the entire length of the dike.

The impoundment discharge consists of a rectangular concrete drop structure with a variable
height steel debris skimmer.  The pool elevation can be controlled by adding or removing stop
logs.  The discharge structure connects to a 24-inch diameter smooth walled metal pipe
underground conveyance.

2.0 GEOLOGY
The site lies in the Western Kentucky Coalfields, a gently rolling upland.  In the vicinity of the
site, maximum topographic relief is on the order of 80 feet.  Surface drainage is to the south to
Groves Creek, a primary tributary to the Green River, and to the east to the Green River.

Published geologic mapping (Murphy, 2007) shows the site to be immediately underlain by
unconsolidated loess representing the Pleistocene and Holocone geologic epoch and
unconsolidated alluvium representing the Pleistocene and Holocene epochs.  The loess
reportedly consists of sandy and clayey silt.  The alluvium reportedly consists of silt and clay
with lesser amounts of sand and gravel.

The unconsolidated materials are shown to be underlain by the base of the Shelburn Formation
(formerly identified as the Lisman Formation (Fairer, 1973) and the Carbondale Formation, both
of which represent the Pennsylvanian Geologic Period.  The West Franklin Member consists of
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one to three layers of limestone interbedded by calcareous clay shale, and comprises the top of
the Shelburn Formation.  The Providence Limestone Member, consisting of limestone and
interbedded shale, comprises the base of the Shelburn Formation.  The Providence Limestone
Member is reportedly absent in much of the area due to erosional channeling.  Due to its
discontinuous character and the presence of interbedded shale, hydrologically significant karst
features are not present in the Providence Limestone Member.  The underlying Carbondale
Formation consists of cyclic sequences of sandstones, shales, siltstones and coals.  The
Carbondale sediments were deposited in a fluvial-deltaic system.  As a result of this
depositional environment, the lithologic units of the Carbondale tend to be lenticular bodies
rather than continuous sheet-like strata. Gradational and abrupt horizontal changes in lithology
are often encountered.

The structure contours illustrated on the geologic map (Murphy, 2007) are based on the altitude
of the No. 9 coal seam, and show the site to lie on the flank of a gentle anticline.  Stratigraphic
dip is shown to be on the order of 35 feet per mile to the southeast.  No faults or other
significant structural features are depicted on the geologic map.

3.0 HYDROGEOLOGY
The stratigraphic interval considered as the most prominent water transmitting zone within and
adjacent to the Sebree Generating Station is material identified as the Upper Sandstone
Member (Sebree sandstone) of the Carbondale Formation.  The United States Geologic Survey
(USGS) Geologic Map of the Robards Quadrangle describes the Sebree sandstone sequence
as "Siltstone, sandstone, shale and coal: Siltstone, light- to medium-gray, micaceous, thin-
bedded, and locally calcareous. Sandstone, light- to medium-gray, grayish- and yellowish-
brown, fine- to medium-grained slightly micaceous, thin-bedded to massive; locally fills
channels."

For purposes of compliance with the CCR Rule groundwater monitoring requirements; this
sequence, and in particular the member sandstone intervals, is considered to be the uppermost
aquifer underlying the Reid/HMPL CCR Surface Impoundment.

The sandstone units in the upper Carbondale Formation reportedly can provide well yields of
500 gallons per day (gpd) or greater with some reported yields on the order of 30 gallons per
minute [gpm] (Maxwell and Devaul, 1962).  The Providence Limestone Member of the Shelburn
Formation is reported to yield little to no water to wells.  The lower Carbondale Formation,
above and below the No. 9 coal seam, consists primarily of shales that reportedly yield little to
no water to wells.  Previous site-specific investigations, by others, have noted the presence of
perched zones of saturation in the overlying unconsolidated materials.

3.1 Groundwater Monitoring System

Five temporary piezometers (P-13/P-13A, P-14 and P-15/P-15A) were installed adjacent to and
respectively; northwest, southeast and southwest of the Reid/IIMPL CCR impoundment to
determine general direction of groundwater movement.  Measured static water levels, from the
highest to lowest elevation were observed in P-13/13A (highest), P¬14 and P-15/P-15A (lowest)
resulting in a calculated hydraulic gradient or apparent direction of groundwater movement is
generally from east-northeast to west-southwest.  This groundwater gradient characterization
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and the ability to locate monitoring wells specific to the CCR unit justify the placement of the
minimum of one upgradient and three down-gradient monitoring wells.  The upgradient
monitoring well (MW-7) was installed adjacent to, and east-northeast of the impoundment.  The
downgradient monitoring wells (MW-8, MW-9 and MW-10) were installed adjacent to, and
respectively; west, southwest and south-southwest of the impoundment.  All monitoring wells
are completed in the stratigraphic interval described above.  Approximate locations of the
groundwater monitoring wells are shown on the Groundwater Monitoring Well Location Aerial
Photo (Attachment B).  Boring logs and well construction diagrams are presented as
Attachment C.

3.2 Groundwater Flow

Water level data were collected from the unit during the nine baseline CCR monitoring events
from March 2016 through October 2017as summarized on Table 1 of Attachment A.

These data and the piezometric surface map presented below (Figure 3) represent general
conditions at the Surface Impoundment and support the following analysis.

Overall groundwater flow beneath the footprint of the Reid/HMPL Surface Impoundment is to
the southwest towards an unnamed tributary to Groves Creek located west/southwest of the
impoundment.  The hydraulic gradients calculated during the baseline period ranged from
0.0251 to 0.0258 towards the southwest as presented in Table 2 of Attachment A.
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Figure 3: Reid/HMPL Surface Impoundment - Piezometric Surface Map
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4.0 UPPERMOST AQUIFER
The “uppermost aquifer” is defined by 40 CFR §257.40 as the geologic formation nearest the
natural ground surface that is an aquifer, as well as lower aquifers that are hydraulically
interconnected with this aquifer within the facility’s property boundary.  This definition includes a
shallow, deep, perched, confined or unconfined aquifer, provided it yields usable water.

4.1 Aquifer Characteristics

Site-specific data pertaining to the aquifer characteristics beneath the Reid/HMPL Surface
Impoundment were obtained prior to initiation of this CCR Program.

Available information pertaining to the sandstone units in the upper Carbondale Formation,
identified as the uppermost aquifer beneath the Surface Impoundment, generally provide well
yields of 500 gpd or greater with some reported yields on the order of 30 gpm (Maxwell and
Devaul, 1962).  The Providence Limestone Member of the Shelburn Formation is reported to
yield little to no water to wells.  The lower Carbondale Formation, above and below the No. 9
coal seam, consists primarily of shales that reportedly yield little to no water to wells. Previous
site-specific investigations, by others, have noted the presence of perched zones of saturation
in the overlying unconsolidated materials.

4.2 Placement Above the Uppermost Aquifer

Based on the available boring logs from the CCR Rule monitoring well system, the top of the
upper Carbondale Formation (uppermost aquifer) is at an approximately elevation of 413.4 feet
to the northeast (at MW-7), 384.2 feet to the south (at MW-10), 364.4 feet to the southwest (at
MW-9), and 341.6 feet to the west (at MW-8) of the Surface Impoundment.  Illustrated well
boring cross-sections located adjacent to the Surface Impoundment are presented as
Attachment B.  Although it is not directly evidenced whether the base of the Surface
Impoundment (389.2 feet in the western corner and approximately 400 feet in the northeast
corner) intercepts or encroaches on the 5 foot separation from the top of the upper Carbondale
Formation (uppermost aquifer) in the vicinity of monitoring well MW-7, hydraulic connectivity
cannot be disproven based on available groundwater surface data discussed below.

Groundwater data provided by BREC via baseline data collection from monitoring wells between
March 2016 and October 2017 were used to interpret the elevations of the uppermost aquifer
within the area of the Surface Impoundment.  Seasonal measurements (March, May, August,
October 2016, and January 2017) are presented within the Groundwater Elevation Summary
located as Attachment B.  Based on the cross sections presented in Attachment B, the
potentiometric surface is approximately 0.5 and 2 feet above the lowest base of the Surface
Impoundment (389.2 feet at the west corner) and averaging approximately 28 feet above the
Surface Impoundment base of approximately 400 feet at the northeast corner.
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5.0 CONCLUSIONS

Available data regarding site groundwater, site geology, and physical limits of the unit for the
Reid/HMPL Surface Impoundment do not evidence a 5-foot separation between the base of the
impoundment and the uppermost limit of the uppermost aquifer and they do not support a lack
of hydraulic connectivity between the unit and the aquifer as specified in 40 CFR §257.60(a).
Therefore the unit does not meet the Placement above the Uppermost Aquifer requirement of
40 CFR §257.60(a).
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Attachment A

Tables 1 and 2



Reference Elevation
TOIC*(ft, NAD27)

Depth to GW Depth to GW Depth to GW Depth to GW
Water (ft) Elevation Water (ft) Elevation Water (ft) Elevation Water (ft) Elevation

Date Measured (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)

3/30/2016 14.93 429.5 1.64 392.65 3.44 391.96 31.71 390.56

5/31/2016 14.91 429.52 1.41 392.88 3.28 392.12 29.60 392.67

8/23/2016 15.75 428.68 1.42 392.87 3.56 391.84 29.96 392.31

10/18/2016 16.77 427.66 2.38 391.91 4.49 390.91 30.63 391.64

1/31/2017 15.59 428.84 1.94 392.35 4.16 391.24 30.63 391.64
2/9/2017 15.81 428.62 2.12 392.17 4.52 390.88 30.63 391.64

5/11/2017 15.73 428.70 1.74 392.55 4.05 391.35 30.20 392.07

8/23/2017 17.72 426.71 4.16 390.13 6.46 388.94 32.46 389.81

9/22/2017 18.10 426.33 4.52 389.77 6.71 388.69 32.74 389.53

10/11/2017 18.16 426.27 4.67 389.62 6.9 388.50 32.90 389.37

*Reference elevation of monitoring wells surveyed by Associated Engineers, Inc., Madisonville, Kentucky, January 2015
Survey coordinates were based on the Kentucky State Plane, Kentucky Southern Zone, NAD27 datum
TOIC = Top of internal casing
GW = Groundwater;    GS = Ground Surface;   NM = Not measured

444.43 394.29 395.40 422.27
Upgradient/Background Downgradient DowngradientDowngradient

TABLE  1

MONITORING WELL NETWORK GROUNDWATER ELEVATIONS - MARCH 2016 - OCTOBER 2017
REID/HMPL STATION SURFACE IMPOUNDMENT

BIG RIVERS ELECTRIC CORPORATION

WEBSTER COUNTY, KENTUCKY
SEBREE STATION

GROUNDWATER MONITORING WELL NETWORK
MW-7 MW-8 MW-9 MW-10

 60560583.04 10/5/2018



Change in Horizontal Hydraulic
Head Distance* Gradient

MW-7 MW-9 (feet) (feet)

Mar 2016 429.50 391.96 37.54 1466 0.0256
May 2016 429.52 392.12 37.40 1466 0.0255
Aug 2016 428.68 391.84 36.84 1466 0.0251
Oct 2016 427.66 390.91 36.75 1466 0.0251
Jan 2017 428.84 391.24 37.60 1466 0.0256
May 2017 428.70 391.35 37.35 1466 0.0255
Aug 2017 426.71 388.94 37.77 1466 0.0258
Sept 2017 426.33 388.69 37.64 1466 0.0257
Oct 2017 426.27 388.50 37.77 1466 0.0258

*Reference elevation of monitoring wells surveyed by Associated Engineers, Inc.,
Madisonville, Kentucky, January 2015

Survey coordinates were based on the Kentucky State Plane, Kentucky Southern Zone, NAD27 datum

*Horizontal distance between monitoring wells, parallel to the direction of groundwater flow
(as determined by measurements utilizing Kentucky GIS )

WEBSTER COUNTY, KENTUCKY

Well ID / GW Elevation (ft, NAD27)

TABLE 2

HYDRAULIC GRADIENT
GROUNDWATER MONITORING SYSTEM

REID/HMPL STATION SURFACE IMPOUNDMENT
BIG RIVERS ELECTRIC CORPORATION - SEBREE STATION

 60560583.04 10/5/2018



Attachment B

Groundwater Elevation Summary





Attachment C

Boring Logs and Well Construction Diagrams


























